Breynia officinalis (Euphorbiaceae) is a poisonous perennial shrub 1.5-4 m in height, and grows in Okinawa, Taiwan, and southern China. However, it is used as a remedy for healing wounds and edema, as an ointment, and for syphilis and intestinal hemorrhage due to overwork by oral administration.
1
H-and 13 C-NMR spectra, and [a] D the structure of 1 was determined to be (3S,5R,6S,9S)-megastigman-7-ene-3,6,9-triol 9-O-b-D-glucopyranoside. 2) Breyniaionoside A (2), [a] D Ϫ48.8°, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 32 O 9 using negative-ion high-resolution (HR) FAB-MS. The IR spectrum of 2 showed a strong absorption band at 3376 cm Ϫ1 suggestive of a glycosidic structure. The 1 H-and 13 C-NMR spectra showed signals attributable to a glucopyranosyl unit, and 13 carbon signals, which included two tertiary methyls at the geminal position, one secondary methyl, two methylenes, one methine, one quarternary carbon, one primary, secondary and tertiary carbinol, respectively, one disubstituted trans double bond, and a ketone functional group. The 1 H-1 H correlation spectroscopy (COSY) spectrum showed series correlations from H-7 (d H 5.95), H-8 (d H 5.75), and H-9 (d H 4.47) to H 2 -10 (d H 3.62). These data indicated that this aglycone is a derivative of megastigmane, of which the 10-methyl was oxidized to a primary carbinol. The secondary methyl on the ring had the equatorial orientation, since H-4 (d H 2.46) appeared as a triplet signal (Jϭ13 Hz), and the side chain at the 6-position was in the equatorial orientation, as judged from the phasesensitive nuclear Overhauser enhancement spectroscopy (Ph-NOESY) spectrum in which H-7 (d H 5.95) crossed both geminal methyls (d H 0.93, 0.97) at the 1-position. The 13 C-NMR spectrum and the sign of the Cotton effect in the CD spectrum of the ring part were essentially the same as those reported for ampelopsisionoside. 7) The position of the glucosidic linkage was determined to be the hydroxyl group at the 9-postion, as judged from heteronuclear multiple bond correlation (HMBC) spectrum in which H-1Ј (d H 4.36) crossed C-9 (d C 80.0) and H-9 (d H 4.47) C-1Ј (d C 101.1). The mode of glucosidic linkage was deduced to be b from the coupling constant of the anomeric proton. Therefore the structure of breyniaionoside A (2) was elucidated to be (5R,6S,9x)-megastigman-7-ene-6,9,10-triol-3-one 9-O-b-D-glucopyranoside. The absolute configuration at the 9-position remains to be determined, since in the case of adjacent secondary and primary alcohols like 9,10-diol, the result of application of a b-D-glucopyranosylation-induced shift-trend 8) for determination of the absolute configuration of a secondary alcohol is known to be ambiguous, 9) and also the modified Mosher's method 10) probably leads to some ambiguity. Breyniaionoside B (3), [a] D Ϫ66.5°, was isolated as an amorphous powder and its elemental composition was determined to be C 19 H 34 O 9 . The 1 H-and 13 C-NMR spectral data were similar to those of 2, except for the absence of a ketone functional group and the presence of a secondary alcohol at d C 67.5 with d H 3.79 (tt, Jϭ12, 4 Hz) . From the coupling pattern of ring protons, the relative structure of the six-membered ring was judged to be the same as that of co-occurring turpinionoside B (1) . Therefore the structure of breyniaionoside B (3) was elucidated to be (3S*,5R*,6S*,9x)-megastigman-7-ene-3,6,9,10-tetrol 9-O-b-D-glucopyranoside. The absolute configuration of the 9-position and that on the ring remain to be determined for the same reason.
Breyniaionoside C (4), [a] D Ϫ24.3°, was also isolated as an amorphous powder and its elemental composition was the same as that of 3. The 1 H-1 H COSY spectrum showed that the spin-spin coupling systems of the ring moiety and the side chain were also the same as those of 3. In the 13 C-NMR spectrum, the C-10 signal was shifted downfield (d C 66.4AE75.2) and the C-9 one upfield (d C 80.1AE72.1) compared with those of 3. Thus 4 was assumed to be a positional isomer of 3 in terms of the sugar moiety. Hz, H-12b) and d C 85.0 (C-5). These results indicate the presence of one more ring system, which satisfies the degree of unsaturation, acquired by HR-FAB-MS. Thus the structure of 5 was assumed to have an epoxy ring between C-12 and C-5, like ascleposide C (13), isolated from Asclepias fruticosa. 11) Since the HMBC spectrum also showed a cross peak between H-1Ј (d H 4.37) and C-9 (d C 77.3), breyniaionoside D (5) was a positional isomer of ascleposide C (13) in terms of the sugar moiety. On application of a b-D-glucopyranosylation-induced shift-trend 8) for determination of the absolute configuration, the 9-position was determined to have the R configuration, which is the same as in the case of 13. Since there was no probe for elucidation of the absolute configuration of other carbons, breyniaionoside D (5) was enzymatically hydrolyzed and the modified Mosher's method 6) was applied for the aglycone (5a). As a result, the structure of the aglycone moiety was found to be the same as that of 13, including the absolute configuration. Therefore, the structure of breyniaionoside D (5) was elucidated to be (1S,3S,5R,6R,9R)-megastigman-7-ene-3,9-diol-5,12-epoxide 9-O-b-D-glucopyranoside. Compound 6 was isolated as an amorphous powder and its elemental composition was C 16 H 28 O 7 . The one-and two-dimensional NMR data showed that the planar structure of 6 was a known compound, betulalbuside A, isolated from Betula alba. 12) However, the absolute configuration of the 3-position was not fully determined. Thus commercially available (3R)-(Ϫ)-linalool was oxidized with SeO 2 to give (
12) Since the optical rotation value of the aglycone (6a) obtained on enzymatic hydrolysis showed [a] D ϩ7.59°, the absolute configuration of the 3-position was concluded to be S.
Isorobustaside A (10), [a] D Ϫ51.4°, was isolated as an amorphous powder and its elemental composition was determined to be C 21 H 22 O 9 . The 1 H-and 13 C-NMR spectra showed the presence of a para-substituted benzene ring and a 6-acylated glucopyranose moiety as in robustaside A (8) and eximine (9) . The acyl moiety comprises nine carbon atoms, which include a 1,4-disubstituted benzene ring, a cis double bond [d H 5.80 (d, Jϭ12 Hz) and 6.89 (d, Jϭ12 Hz)], and a carbonyl functional group. From these data, the structure of compound 10 was concluded to be a geometrical isomer of the acyl moiety of robustaside A isolated from Grevillea robusta, and it was named isorobustaside A according to the mother compound.
Breynioside A (11) C-NMR data showed a close resemblance to those of eximine (9) 5,6) isolated from Protea eximia, except for the presence of 4-hydroxybenozoate instead of benzoate. Therefore the structure of breynioside A was elucidated to be 4Љ-hydroxyeximine.
Breynioside B (12) C-NMR data showed a close resemblance to eximine (9) with one more sugar moiety. From the characteristic carbon signals, the extra sugar moiety was concluded to be b-apiofuranose. When compared with reported data for seguinoside A (14) isolated from Myrsine seguinii, 3) the structure of breynioside B was concluded to be 6Ј-benzoylseguinoside A.
Experimental
General Experimental Procedures A highly porous synthetic resin (Diaion HP-20) was purchased from Mitsubishi Kagaku (Tokyo, Japan). Silica gel CC was performed on silica gel 60 (E. Merck, Darmstadt, Germany) and reversed-phase A melting point was determined with a Yanagimoto micro-melting point apparatus and is uncorrected. Optical rotations were measured on a Union Giken PM-101 digital polarimeter with a 1-cm cell or a JASCO DIP-360 polarimeter with a 10-cm cell under an accumulation of eight times. IR spectra were measured on a Horiba FT-710 Fourier transform infrared spectrophotometer and UV spectra on a JASCO V-520 UV/VIS spectrophotometer. CD spectrum was recorded on a JASCO J-720 spectropolarimeter.
1 H-and 13 C-NMR spectra were taken on a JEOL JNM a-400 spectrometer at 400 MHz and 100 MHz, respectively, with tetramethylsilane (TMS) as an internal standard. Negative-and positive-ion HR-FAB-MS spectra were taken on a JEOL JMS SX-102 spectrometer.
Plant Material Leaves of B. officinalis HEMSL. (Euphorbiaceae) were collected in Kunigami-son, Kunigami-gun, Okinawa, Japan, in August 2000, and a voucher specimen was deposited in the Herbarium of the Department of Pharmacognosy, Graduate School of Biomedical Sciences, Hiroshima University (00-BO-Okinawa-0828). A small amount of B. officinalis was also collected in Taketomi-cho, Yaeyama-gun, Okinawa, in November 2001 (01-BO-1104).
Extraction and Fractionation Air-dried leaves of B. officinalis (4.11 kg) were extracted three times with MeOH. The MeOH extract was concentrated to 3.0 l and then 150 ml of H 2 O was added. This solution was washed with 3.0 l of n-hexane (159 g) and then the methanolic layer was concentrated to a viscous gum. The gummy residue was suspended in 3.0 l of H 2 O, and then extracted successively with 3.0 l each of EtOAc and n-Vol. 52, No. 9 1H, d, Jϭ7 Hz, H-1Ј), 4.43 (1H, m, H-9 Oxidation of (R)-(؊)-Linalool (R)-(Ϫ)-Linalool (1.0 g) was oxidized with SeO 2 (0.87 g) in 40 ml of EtOH at 50°C for 3 h.
13) The reaction mixture was diluted with H 2 O and then extracted three times with EtOAc. The residue obtained on evaporation of the EtOAc layer was subjected to silica gel (100 g) CC with CHCl 3 and CHCl 3 : MeOH (95 : 5). From the latter eluate, 228 mg of (R)-(Ϫ)-3,7-dimethylocta-1,6-diene-3,8-diol (6b) was obtained.
Amorphous Ϫ38.6°(cϭ0.47, MeOH). 5, 6) 
